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Summary 

We have cloned a lull-length cDNA for the B cell membrane protein CD22, which is referred 
to as B lymphocyte cell adhesion molecule (BIrCAM). Using subtractive bybridizadoD techniques* 
several B lymphotyte-spcdfic cDNAs were isobted. Northern blot analysis with one of the dones, 
clone 66, rew»led expression in normal activated B cells and a variety of B cell lines, but not 
in normal activated T cells, T cell lines, Hela cells, or several tissues, including brain and placenta. 
One major transcript of ^^3.3 kb was found in B cells although several smaller transcripts were 
also present in low amounts (^2.6, 2.3, and 1.6 kb). Sequence analysis of a full-length cDNA 
clone revealed an open reading frame of 2,541 bases coding for a predicted protein of 847 amino 
acids with a molecular mass of 95 kD. The BL-CAM cDNA is nearly identical to a recently 
isolated cDNA clone for CD22, with the exception of an additional 531 bases in the coding 
region of BL-CAM. BL-CAM has a predicted transmembrane spanning region and a 140-amino 
acid intracytoplasmic domain. Search of the National Biological Research Foundation protein 
database revealed that this protein is a member of the immunoglobulin super family and that 
it had significant homology with three homotypic cell adhesion proteins: caranoembiyonic antigen 
(29% identity over 460 amino adds), myelin-associated glycoprotein (27% identity over 425 
amino acids), and neural cell adhesion molecule (21.5% over 274 amino acids). Northern blot 
analysis revealed low-level BL-CAM mRNA expression in unactivated tonsillar B cells, which 
was rapidly increased after B cell activation with Staphylococcus aureus Cowan strain 1 and phorbol 
myristate acetate, but not by various cytokines, inducting interleukin 4 (IL4), 0^6, and 7 intet&roa 
In situ hybridization with an antbense BL-CAM RNA probe revealed expression in B cell-rich 
areas in tonsil and lymph node, although the most striking hybridization was in the germinal 
centers. COS cells transfcctcd with a BLCAM expression vector were iramunofluorescently stained 
positively with two different CD22 antibodies, each of which recognizes a diflferent epitope. 
Additionally, both normal tonsil B cells and a B cell line were found to adhere to COS transfected 
with BL-CAM in the sense but not the antisense dirertion. Based on the similarity of BL-CAM 
to other homotypic cell adhesion molecules together with our transaction data, we conclude 
that that BL-CAM may be an important mediator of B-B cell interartions and may play a role 
in the localization of B lymphocytes in lymphoid tissues. 



Subtractive cDNA doning has been successfully used to 
isolate genes that are expressed in a tissue-specific manner 
(1-3). The success of this technique depends upon using cdls 
or tissues whose mRNA populations are very similar. B and 
T lymphocytes di&cc in otiy a small fraction of their expressed 
genes. For example, B and T cell tumors have been estimated 
to express only 200-300 unique genes (present in one cell 
type and not in another (4). We have been interested in charac- 
terizing some of the genes that are expressed uniquely in 
human B lymphocytes and have used subtraaive cDNA 
doning to isolate a series of cDNA clones that, on the basis 
of their mRNA expression, are present in B lymphocytes and 
not in a wide variety of other cell types. We have reasoned 



that these B cell-specific genes will encode for proteins im- 
porunt in human B cell function and, in addition, they will 
provide useful tools for undersunding the basis of their tissue- 
specific expression. 

One of these cDNA dones encodes for a protein that is 
homologous with several homotypic cell adhesion niqlecules, 
appears to mediate cell adhesion among human B cells, and 
reacts, with antibodies to the CD22 membrane antigen. We 
have referred to this protdn as B lymphocyte cell adhesion 
molecule (BL-CAM).* While our work was in progress an- 

' Ahbreviatioiis used in this paper BLCAM, B lymphocyte cell adhesion 
molecule; CEA, cardnoembryonic-asiociated antigen; MAG, myelin- 
asjociated glycoprotein; SAC. Staphylococcus aumu Cowan strain 1. 
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other group isolated a cDN A for CD22 by expression cloning 
in COS cdls using CD22 antibodies. COS cells transfected 
with CD22 were shown to mediate adhesion to monocytes 
and mouse erythrocytes (5). The BL-CAM cDNA extends 
further 5' and 3' than this cDNA and includes an additional 
531 bp in the coding region that encodes for 177 amino acids 
and two immunoglobulin-likc domains. The significance of 
these findings are discussed. 

MaterialB and Methods 

CeU Culturt and Ctll Lints, Human tonsils were obtained fiom 
S-16-yr-old patients undergoing routine tonsillectomies for chronic 
tonsillitis. B cell-enriched popdations were obtained fiom tonsillar 
mononuclear cells by twice rosetting with aminoethyUsothiouro- 
nium bromide-treated SRBCs to remove T cells as previously de- 
scribed (6). The B cell preparations were routinely >96% positive 
for CD20, <1% CDS", and <1% esterase positive. B cells were 
stimulated in vitro by the addition of 0.005% Staphylococcus aureus 
Covnn strain I (SAC) to the culture media (RPMI 1640 plus 10% 
FCS). The SAC was obtained fiomGibco-Be^iesda Research Labora- 
tories (Gaithersburg, MD) and washed four times with PBS before 
use. The cell lines HS-Sultan, Ramos» IM-9. Jurkat, and Hut 102 
were obtained from the American Jypc Cultxue Collection (Rock- 
ville, MD). The Epstein Barr virus-transformed cell line EBV-1 
was derived fiom a spontaneous transformarion of tonsil B cells. 
The C£M. Sup Tl. MI, and MT4 T ceU lines were a kind gift 
of Dr. Scott Koenig (NIAID, NIK, Bethesda, MD), the BJArB 
cell line was a gift from Dr. Edward Gates (University of Miami, 
Miami, FL). and the NALM-6 pre-B cell line was a gift from Dr. 
Thomas Ibdder (Harvard University, Boston, MA). 

Synthesis of Hyhrid-suhttacted cDNA PmU R)ly( A) mRN A from 
PHA (2 fig/ml) and PMA (10 ng/ml) -activated peripheral blood 
T cells (36 h) and fi:om SAC and PMA (10 ng/ml) -activated tonsil 
B cells (36 h) were prepared from guanidine thiocyanate-purified 
RNA using oligo(dT) columns (Collaborative Reseuch, Lodngton, 
MA). The subtracted probes were generated according to estab- 
lisheid methods (7). Briefly, the first strand B ceU cDNA was pre- 
pared using 5 ^g of poly(A) mRNA in the presence of 1 mCi of 
''MCrP. The RNA was faydrolyzed and the cDNA purified over 
a G50 column. tRNA (20 /ig) and poly(A) T cell mRNA (10 fig) 
were added to the labeled cDNA. The cDNA and mRNA were 
ethanol predpiuted and resuspended in 4 fd of water and 4 ;il of 
phosphate bu^ (1 M phosphate, pH 6.8; 0.2% SDS; and 10 mM 
EDTA) in a silanized cppendorf lube. The hybridization mixture 
was overlayed with 100 p\ of paraffin oil. heated to lOO^C for 1 
min, and incubated overnight at 68''C. The single-stranded DNA 
and double-stranded DNA-RNA complex were separated on a 
hydroxylapatite column (Bio-Rad Laboratories, Cambridge, MA) 
and subsequently, the single-stranded DNA was purified on a G50 
column. The procedure was repeated a second time to increase the 
efficiency of the subtraction. Ty^cally, the first l^bridization resulted 
in a 80-90% subtraction and the second hybridization resulted in 
a 30-50% subtraction. The overall subtraction was 90-96%. 

Synthesis of cDNA Lihmry and Plaque Screening. A combined 
oligo(dT) and random primed cDNA h1>rary in X zap ("-3 x 10^ 
primary clones before amplification) was generated with the use 
of poly(A)-containing mRNA from noroool tonsillar B lympho- 
cytes stimulated for 36 h vntii SAC and PMA (8; StraUgene, La 
Jolla, CA). The library vras plated at low density (4,000 plaque- 
fenning units/lSO-mm plate), and the nitroodlulose membrane lifts 
were hybridized for 36 h at 68*'C with subtracted cDNA probes 
(10^ cpm/ml) in l^bridization solution (5x SSPE, 5x Denhardt's. 



100 ftg/ml of salmon sperm DNA, and 10% dextrin sul£ite). The 
filters were washed for 20 min with 2x SSPE 0.1% SDS twice 
at room temperature and twice at 55^C. Positive pbques were 
identified and rescreened vnth a second subtracted probe. The sec- 
ondary clones were rescreened with a B cell cDNA probe or a T 
cell cDNA probe. Those clones hybridizing with the B cell probe 
but not the T cell probe were rescreened with Ig (IgG, IgM, k, 
X, IgA) probes, and positive plaques were eliminated AppaxiQutely 
200 clones were isoUted that survived this screening. These clones 
were forther characterized by Northern blot analysis and partial 
DNA sequencing. Clone 66 was one of these clones that was ex- 
pressed in B cells and not T cells, and was found to be a previously 
uncharacterized gene. The origiiul done 66 was used to rescteen 
the B cell cDNA library and 10 hybridizing clones were isolated. 
Two clones, 66.2 and 66.5, were each 3.2 kb and were used for 
further studies. 

DNA Sequencing of BLCAM and Analysis of Predicted Protein. 
DNA sequencing was performed on double-stranded DNA tem- 
plates using the dideoocy chain termination technique with Sequenase 
following the manufiicturers protocols (U.S. Biochemical Corp., 
Cleveland, OH). Generated sequence information was used to syn- 
thesize new primers to complete the sequencing. Ol^nudeotides 
were synthedzed using an oHgonudeotide synthesizer (AppHed Bio- 
systems, be, Foster City, CA). Each strand of 66.2 was sequenced. 
Tlie sequoudng project was performed with the aid of the Assemgel 
program in PCGENE (Latelligenetics, Mountain View, CA). The 
DNA (Genbank) and protein (National Biomedical Research Foun- 
dation [NBRF]) data base searches and protein alignments were 
performed with the PASTA, FASTP, and Align programs, respec- 
tively (9, 10), at the Advanced Scientific Computing Laboratory 
(Frederick, MD). The BLCAM-predicted sequence was analyzed 
vrith the aid of the Prosite, Signal, and SOAP programs of PCGENE 
(Intelligenetics). 

In Vitro Transcription and Transktbn. Capped RNA was syn- 
thesized in a 25-/il reaction \ising as a substrate 2 fig of linearized 
DNA for 1 h at 40*C using T3 or T7 RNA polymerase (Stratagenc) 
in the presence of RNasin. The capped nJlNA transcripts were 
visualized on a formaldehydc/agarose gel and found to be the ap- 
propriate size. In vitro translation of the RNAs was done using 
a rabbit reticulocyte lysate (StraUgene) in a 25-^ reaction using 
10% of the capped mRNA in the presence of ^methionine. The 
translation products were separated on a 8% SDS-PAGE gel and 
visualized hy autoradiography. 

PUsmid Construction and Transient Expression in COS-7 Cells, 
Recombinant 66.2 was subcloned mto CDM8 in the sense and an- 
tisense orienutions. A 2.8-kb XhoI/SSPI insert of 66.2 was blunted 
vnth Klenow ^gment, linkered with BSTXI linkers (liwitrogen, 
San Diego, CA), and Ugated into the BSTX-1 site in CDM8. The 
ligation mix was used to transform P3 cells. The termination sites 
of the seuK and antisense constructs were sequenced using the 
dideoxy chain termination technique, which confirmed the orien- 
tations. Hie recombinant plasmids were purified on Qiagen columns 
(Qiagen Inc., Studio City, CA) and used to transfoct COS-7 cells 
via electroporation (11). 5 x 10^ COS cells from a subconfluent 
fiask were vrashed vnth electroporation buffer (272 mM sucrose, 
7 mM sodium phosphate, pH 7.4, and 1 mM MgCL2) and resus- 
pended at 7 x 10* cells/ml in the same bu^er. The cells were 
transferred to a sterile 0.4-cm electroporation cuvette (Bio-Rad 
Laboratories), and 100 ;d of a 100-fig/inl DNA suspension in elec- 
troporation buffer was added. The cuvette was incubated on ice 
for 10 min and then clectroporated at 350 V and 25 micro&rads 
(/iFD) with a Gene Pulser (Bio-Rad Laboratories). After pulsing, 
the cells weie returned to ice for 10 min. The cells were resuspended 
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in DMEM/10% FCS and cultuied at 37**C overnight. The fol- 
lowing day. the cells were harveited with tfypsin/EDlA and then 
replated in ux-well tissue culttue plates or shde chamben (Lab-lek 
Products, Napervilk; IL). 48 h later, the cells were used for FACS 
(PACS is a registered trademark of Becton Dtddnson 6c Ca) anal- 
ysis or functional studies. For FACS analysis, the cells were har- 
vested with verseoe and immunofluorescently stained with CD22 
(HD6 and HD39; Boehringer Mannheim Biochemicals, Indi- 
anapolis, IN) and a FITC-conjugated goat anti-mouse IgG (lago 
Inc» BurHngame, CA), and analyzed on a EPICS analyzer (Coulter 
Electronics, Inc., Hi^eah, PL). For functional studies, the trans- 
£ected COS cell monolayer was washed with DMEM without 
serum; the test cells, in DMEM, were added in the presence or 
absence of antibody; the cells were allowed to adhere for 1-2 h; 
the monolayer was gently washed eight times with DMEM; and 
the monolayer was oomined with an inverted microscope. In some 
cases, the transfected COS cell monolayer was directly stained with 
CD22 or a control antibody followed by the developing antibody 
and then visuaUzed with an inverted fluorescent microscope. 

Northern Blots and In Situ Hybridization. For northern blots, total 
RNA was prepared by a guanidine thiocyanate method (12). The 
RNA was size fractionated on 1% agarose/fbnnaldehyde gd, trans- 
ferred to nitrocellulose, UV crosslinked. and hybridized in a 
formamide-based hybridization solution at 42°C with random 
primed, ^labeled cDNA inserts. The filten were washed twice 
at room temperature in 2x SSC/0.1% SDS for 20 min and twice 
at 55»C is 0.1 X SSC/0.1% SDS. and exposed to fihn (12). 

For in utu hybridization, a protocol was used similar to that 
described by Rudue (13) for RNA hybridization, t^caffin-find tonsil 
sections were mounted on silanized slides after v^iich the slides 
were deparaffinized, l^drated, and washed for 20 min in 0.1 M 
HCl and followed by digestion with proteinase K (10 MK^ml) for 
30 min. The slides were acetylated by treatment with acetic why- 
dride in a 0.1 M triethanoUmine buffer, pH 8.2, and prehybridized 
at 45^C for 2 h in a solution of 50% fonnamide, 10% Denhardt's 
solution, 0.5 mM EDIA, 10 mM TKs-HCl, 5 mM IHT, 0.3 M 
NaCl, and 50 iiglvd of yeast tRNA. Hybridization was performed 
in the same solution with the addition of an equal volume of 20% 
doctran sul&te m 50% formanude and prt^ at 8 x lO' cpm/ml. 
1 ^ of hybridization solution was used per 25 nun' of specimen. 
Ordinary coverslips were sealed at the et^es and the slides hybrid- 
ized at 42*'C. "S-Iabeled sense and antisense RNA probes were 
made from the bluescript BLCAM plasmid using the T3 (sense) 
and T7 (antisense) promoters fay Lo6trand Laboratories (Gaithers- 
burg, MD). The probes were hydrolyzed in carbonate bufier to 
a length of ^300 bp They were puri^ fay repeated precipitation 
with ethanol and had^ specific activities of '^2 x 10* cpm/f(g. 
After overnight hybridization, the coverslips were removed and the 
slides were washed once in 50% formamide Ix SSC with 1 mM 
EDIA and 5 mM DTT followed fay five washes at 60^C with 2x 
SSC with EDIA and DTT followed by digestion of single-strand 
RNA with RNase A and RNase Tl. Slides were then washed m 
0.3 M ammonium acetate in alcohol and dried overnight. Slides 
were dipped in NTB2 emulsbn (Eastman Kodak, Rochester, NY), 
exposed for 3 d, and developed in Kodak D-19 diluted 1:1. Fixed 
slides were stained with hematoxylin and eosin and examined at 
100 X with darkfield illumination on an adapted microscope (Carl 
Zeiss, Inc. Thomwood, NY). 



Resultx 

IsoUtim of Chmc 66 and UNA Sequence Amlysis. A B lym- 
phocyte cDN A Ubraiy was constructed firom niR>l A purified 
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fiDm human B lymphocytes stimulated with SAC and PMA. 
Approximately 20*000 clones were screened with subtrac- 
tive cDNA probes generated from human B and T cell 
mRNA. One of the isolated clones was found to hybridize 
to a 3.3-kb mRNA present in total RNA isolated from B 
cells but not from T cells. Pmial DNA sequence analysis 
and search of Genbank with the derived sequence informa- 
tion did not reveal any significant homologies to known DNA 
sequences. This done was used to rescteen the cDNA library 
and 10 clones were isolated, two of which ^>peared foS length. 
One of the clones, 66.2, was fully sequenced in both direc- 
tions and the derived DNA sequence information is presented 
in Pig. 1. Of note is a poly CA traa present in the 3' un- 
translated portion of the cDNA. Similar poly CA tracts have 
been found in a variety of other mRNAs, inrlnding the CEA 
mRNA, and it is thought to function as a weak enhancer 
element (14, 15). The clone 66.2 DNA sequence, although 
extending further 5' and 3', b essentially identical to a cDNA 
for CD22 isolated by Stamenkovic and Seed (5), with the 
exceprion that their CD22 cDNA done lacks 531 bp present 
in done 66.2. The two sequences diverge at bp 777 and rcas- 
sume identity at bp 1308 in the BIrCA MDNA sequence. 
Analysis of the BIrCAM cDNA revealed an ATG-initiated 
open reading frame of 2,541 bases, which encodes for a 
predicted protein of 847 amino adds with a molecular mass 
of 95 kD. In contrast, the published CD22 cDNA clone is 
predicted to encode for a 67-kD protein (5). In vitro tran- 
scription and translation of the BIrCAM cDN A demonstrated 
a protein that migrated at a molecular mass of 95 kD on SDS- 
PAGE (Fig. 2). The probable initiation ATG was followed 
by a signal peptide predicted to be either 21 or 22 amino 
adds. Hydrophobidty plots revealed the presence of the signal 
peptide and a single membraDe-spanning domain (amino adds 
688-706) with a predicted intracytoplasmic region of 140 
amino adds. Because of an additional G residue at bp 2541 
of the done 66.2 cDNA, the predicted intracytoplasmic por- 
tion of BLCAM is 23 amino adds longer than predicted by 
the Stamenkovic and Seed cDNA (5). The intracytoplasmic 
region of BLCAM has a predicted protein kinase C phos- 
phorylation site (threonine 764), a casein kinase II phosphory- 
lation site (threonine 789), and six tyrosines. None of the 
intracytoplasmic tyrosines matches the consensus sequence 
(R JC-x2-[E,D]-x3-Y) for a tyrosine phosphorylation site, al- 
though one of the sites, tyrosine 7^, is a dose approxima- 
tion to the consensus with an arginine dght amino adds in- 
stead of seven to the NHrterminal side of the tyrosine. The 
predicted extracytoplasmic portion of the molecule has 12 
n-linked glycosylation sites, suggesting that the protein is 
heavily glycosylated, and if all the sites are glycosylated, the 
estimated molecular mass of the BLCAM protein would be 
'^'140 kD, which is a dose approximation of known molec- 
ular mass of CD22 (16), 

Expression of BhCAM mRNA. To examine the expres- 
sion of the BLCAM mRNA in various cell types and to ex- 
amine the effects of cytokines and B cdl activation on BL- 
CAM expression, we performed a series of Northern blots. 
A major 3.3-kb mRNA consistent with the size of the BL- 
CAM cDNA was found to be well expressed in in vitro acri- 
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Figure 1 . Sequence of the cDN A representing BI/CAM tnutcript. Nucleotide sequence of a cDN A containing the entire coding and 3' untiantlated 
i^on of BLCAM. The amino add sequence ii numbered on the Int and the nudeic add sequence is numbered on the right. The in-fnme termination 
cc^m upstream of the predicted initiation site and at the end of the coding sequence are designated by three asteri^ The botindaries of the Ig 
domains are indicated by numbers that correspond to the number of the domain from the NHz terminus. Domains 3 and 4 are underlined. The tram- 
membrane portion of BLCAM is underlined with a broken line. The polyadenylation signal beginning at adenosine 3221 is also underlined. 



vated normal B cells but to be expressed at low levels in B 
cells &eshly isolated from human tonsils (Fig. 3). No expres- 
sion was found in tonsillar T cells or tonsillar T cells acti- 
vated with PHA and PMA. A variety of B cell lines were 
found to express the BL-CAM mRNA, including the pre-B 
cell line Nalin-6. Several B cell lymphoma cell lines expressed 



the 3.3-kb BL-CAM transcript as well as several minor tran- 
scripts. The minor transcripts are likely to be alternatively 
spliced mRNAs. In contrast, none of the T cell lines, in- 
cluding several human T cell leukemia type 1-transformed 
lines, were found to express this mRNA. Additionally, no 
significant l^ridization signal was fbtmd with poly(A) RNA 
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Fignn 2. In vitro transcription and 
translatioo of BbCAM cDN A. The BL- 
CAM Bluescript plasnwl was linearized 
with Xhol and in vitro transcribed using 
the T3 (sense) promoter or the T7 (an- 
tisense) promoter. The BLCAM sense or 
antisense RNA was in vitro translated 
using a rabbit reticulocyte system and 
^'S-methiomne. The translated products 
using the sense (lane f) or the antisense 
(lane 2) were analyzed on a 10% poly- 
acr^amide and visualized by fluorografd:^. 



derived from Hda cells, brain, or placenu (Fig. 3). The efifects 
of several cytokines on normal B lymphocyte expression was 
also examined. Neither Hr4, IL-6, TNF-a. nor IFN-7 en- 
hanced expression of BL-CAM; however, treatment of the 



tonsillar B cells with SAC and PMA significantly inaeased 
its expression (Fig. 3). 

Homologies to Other Proteins and Domain Structure. Similar 
to Stamenkovic and Seed (5), we also noted the similarity 
of our clone 66.2. BL-CAM, to myelin-assodated glycopro- 
tein (MAG). When the BLCAM-predicted protein was used 
to search the NBRF protein daubase using the FASTP search 
program, it revealed very significant homologies with MAG 
and cardnoembryonic-assodated antigen (CEA). The first 420 
amino acids of BL-CAM (two gaps) ahgned with the first 
414 amino adds of MAG (four gaps) were 27% identical. 
Amino adds 222-684 of BIrCAM (11 gaps) aligned with 
amino adds 168-596 of CEA (dgbt gaps) were 29.5% iden- 
tical (lablc 1). If conservative amino add subsriturions are 
included in the analysis BL-CAM and MAG are 64% similar, 
while BL-CAM and CEA are 71% sunilar over the above 
regions. Both MAG and CEA are members of the Ig super- 
£unily, and both function as adhesion molecules (17-21). CEA 
has been modeled and is predicted to contain seven domains 
with one NHrterminal V-like domain and six C region-like 
domains, and MAG has been predicted to contain one NHr 
terminal V-like domain fi>ui C region domains (22, 23). Simi- 
larly, BLCAM appears to have a single NHrterminal V-like 
domain and six C region-like domains. The first two do- 
mains each have '^UO amino adds, while the other domains 
have '^'90 amino adds each. The first three domains contain 
three cysteines, while all the other domains contain two cys- 
teines, except domain 5, which contains four cysteines. There 
are some similarities between the domains, particularly do- 
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Figure 3. The expression of BLCAM in various tissues, cell lines, and 
ncomal B and T lymphocytes. Total RNA was prepared &om various tissues, 
lymphoid cell lines, and normal B and T cells. In some cases, poly(A) RNA 
was prepared. Each lane contains 15 /ig of total RNA or 2 /tg of poly(A) 
RNA; each of the ceU lines is indicat«l below their respective lane (top). 
The normal B cells were prepared from tonsih and in vitro acdvated with 
SAC and PMA for the indicated time periods (ioiiom, left) or incubated 
with 1,000 U/ml of IM, 1 ng/ml of TNF-a, 100 U/ml IL6, 1,000 U/ml 
of IFN-7. or SAC/PMA for 24 h {bottom, right). 



Table 1, Proteins Related to BL-CAM 
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IgG Fc receptor 
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19.6 over 275 aa 


Cardnoembryonic antigen- 






related protein 
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19.9 over 287 aa 


Neural cell surface 






adhesion molecule 


150 


21.5 over 266 aa 



The NBRF protein dau base was searched with the BL-CAM amino 
add sequence using the FASTP-Lipman-Pearson algorithm, and the eight 
proteins with the best scores are listed above. Each of the proteins was 
aligned with BL-CAM using the Align algorithm, and the percent amino 
acid identity over the aligned porrions of the proteins was determined. 
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Fig;iu« 4. In situ hybridization with BIrCAM RNA probe. ^^S-methioDine-bbeled antisoue BLCAM RNA was hybridized to human tonsil tissues 
and then stained with hematciicylin. A was photographed with visible light and B was photographed using dark field ilhunination. When viewed 
with dark Eeld illuminatioD, a positive signal is Ught while a negative signal is dark. 



mains 3-7. The best match is between domains 3 and 7, which 
are 33% identical. The CD22 cDNA cloned by Stamenkovic 
and Seed (5) lacks domain 3 and 4 of BL-CAM. 

When the intnuytoplasmic portion of BL-CAM was used 
to search the NBRF protein data base or the translated Gen- 
bank data base, no significant homologies with other pro- 
teins were found. The multiple phosphorylation sites sug- 
gest that it is a phosphoprotein, but whether or not it has 
a role in intracellular signalling is currently unknown. 

Analysis of BLCAM Expression hy In Situ Hybridissitiott, To 
characterize the expression of BL-CAM mR>4A in vivo, we 
used in situ hybridization to localize its mRNA in a variety 
of diflferent tissues, ^-methionine sense and antisensc RNA 
probes were made and sheared to 200-300 bases. In situ hy- 
bridization with para£n-fixed tissues was performed. No 
significant hybridization signal was found with liver, placenta, 
kidney, or small intestine, either with the sense or the an- 
tisense RNA (dau not shown). However, when either tonsil 
or lymph node tissue was used, a dear hybridization signal 



was found with the antisense probe but not with the sense 
probe. The strongest signal in both the lymph node and tonsil 
was in germinal centers, and a less intense although clearly 
present signal was present in the mantle zone; both regions 
are highly enriched with B lymphocytes (Fig. 4). 

Expression of BLCAM in COS Cells and Evidence it Func- 
tions as a Cell Adhesion Molecule. Since the BL-CAM protein 
was predicted to be an integral membrane protein, we deter- 
mined whether any known mAbs reacted with the expressed 
protein. The full-length BLCAM cDNA was subdoncd into 
the CDM8 vector in the sense and the antisense direction. 
Both constructs were transacted into COS cells via electropo- 
ration. 72 h later, the COS cells were immunofluorescently 
stained with a variety of B cell mAbs, including two CD22 
antibodies that recognize different epitopes, and analyzed by 
fluorescent microscopy and FACS. Examination of the stained 
COS cells with the fluorescent microscope revealed clear 
staining of ~5% of the cells with the CD22 antibody (data 
not shown). FACS analysis also demonstrated CD22 staining 
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Figure 5 . Expzesiion of BLCAM in COS oeUs 
and reactivity with CD22 antibodies. COS cells 
were transiently transfected witfa sense or antisense 
BLCAM CDM8 constriicu via electxoporation, 
and 3 d bter, immunofluoiescently stalled with 
CD22 antibodies and analyzed by a FACS. 
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Figure 6. Adherence of B cells to COS cells tiansfixted 
with BIrCAM cDNA. COS cells were transicmly tiamfccted 
with sense or antisense BIrCAM CDM8 constructs via dec- 
tropontion. 3 d Uto; the mcDolayer was overlzyed with B 
cells, washed octensively, eainiDed hy inverted miaoscope 
fer the presence of adherent cells, and photographed. BL 
CAM*tzans£ected COS celli were overl^d with HS-Sultan 
cells {A and B). Antisense-transflected COS cells were over- 
laid with tonnl B cells (C). BIrCAM-trans£ected COS cells 
were overlaid with tonsU B cells {D and £). BL^IAM- 
cransfiected COS ce&s were overlaid writh tonsil B cells previ- 
omly immunofluoiescently stained with CD20 and exam- 
ined fay fluorescent microscopy (F). 



of the COS cells transfected with BIrCAM to the sense diirec- 
tion but not in the antisense direction (Fig. 5). When the 
antibodies were used individually rather thai together, both 
antibodies were fbtind to immunofluorescently stain the COS 
cells transfected with the sense BL-CAM construct (data not 
shown). 

We next tested the hypothesis that BIi-CAM mediates B 
cell-B cell adhesion. COS cells were transfected with the BL- 



CAM expression vector in both the sense and the antisense 
directions. 72 h later, the transfected COS cells were overlaid 
with HS-Sultan, a B cell line that expressed high levels of 
CD22, with Jurkat, a T cell line, or with normal tonsillar 
B lymphocytes. The normal B cells and the HS-Sultan cell 
line were fotmd to adhere to the COS cells transfected with 
BI/CAM in the sense orienUtion (Fig. 6, /4, B, and B-F), 
but not in the antisense orientation (Fig. 6 Q. The addition 





Figare 7. Correlation between expression of BLCAM by transfected COS cells and adhesion of B cells. COS cells were transiently transfiected with 
the sense BI^CAM construct, immunofluorescently stained with a CD22 antibody, overlaid with purified tonsillar B cells, washed, and examined by 
a inverted microscope for B cell adhesion {A) and fluorescence (B). A was photographed to demonstrate B cell adhesion, and the identical field was 
photographed to reveal concurrent equresston of BI^CAM by immunofluorescence. 
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of the B cells to the COS cell monol^er often tesulted in 
the detachment of some of the COS cells, and direct B cell 
COS cell conjugates were observed (Fig. 6 B), The tonsillar 
ceUs adherent to the COS cells were showrn to be B lympho- 
cytes by immunofluorescent staining with CD20 belore the 
adhesion step. The cells adherent to the COS cell monolayer 
were examined with a fluorescent microscope (Kg. 6 f). The 
Jurkat cells &iled to adhere to BIrCAM-transfiected COS cells 
(data not shown). While the difierence between the antisense- 
transfected and BL-CAM-transfected cells was striking, the 
addition of CD22 antibodies &iled to inhibit the binding of 
the HS-Sulun or tonsil B cells to the transfected COS c^. 
A variety of other antibodies also fuled to inhibit the B cell 
binding, including LFA-1, CD44, and ICAM-1 (data not 
shown). The failure of CD22 antibodies to inhibit binding 
of the B cells to the traittfected COS cells allowed us to im- 
munofluorescently stain the COS cell monolayer with CD22 
before adherence of the B cells. There was a nearly 1:1 corre- 
lation between the COS cells that bound B cells and the ex- 
pression of CD22 (Fig. 7). Thus, although the transfisction 
data were not conclusive, since the CD2Z antibodies &iled 
to block the binding of the B cells, it strongly suggests that 
one of the (unctions of BL-CAM, CD22, is to mediate B 
cetl-B cell interactions. 



Discussion 

Using subtractive hybridization, we have isolated several 
cDNAs that identify mRNAs expressed in B cells and not 
in T cells. One of Uiese clones (done 66.2) has been fuUy 
seqiienced and found to encode CD22, a B cell membrane 
glycoprotein, which is likely to have a role in B cell-B cell 
interactions and is referred to as BIrCAM. The predicted BL 
CAM protein core has a molecular mass of 95 kD, and in 
vitro transcription and translation of BL-CAM followed by 
analysis by SDS-PAGE confirmed the predicted molecular mass 
and agrees with the known molecular mass of deglycosylated 
CD22 (24, 25). Analysis of the predicted protein revealed 
some interesting structural features and homologies with pre- 
viously characterized proteins, and in addition, gave some 
insights into the probable function of this protein. Functional 
studies in COS cells transfixted v*rith BLCAM suggest that 
it functions as an adhesion protein mediating B cell-B cell 
interactions. These daU support and extend the observations 
made by Stamenkovic and Seed (5). 

DNA sequence analysis of clone 66 revealed a 3,260-bp 
insert and a predicted open reading &ame of 847 amino adds. 
Salient features of the predicted BL-CAM protein induded 
a signal peptide of 21 amino adds, a transmembrane domain 
of 19 amino acids, and an intracytoplasmic portion of 140 
amino adds. The extracytoplasmic portion can be divided 
into 7 Ig region-like domains of 90-110 amino adds each. 
The first three domains have an unpaired cysteine residue that 
could fonn an intra<hain disulfide bond. Each of the reniaining 
domains contain two cysteine residues, except for domain 5, 
which has four cysteine residues. The extracytoplasmic por- 
tion of BL-CAM is related to several other Ig-like protdns; 



the most striking homologies on search of protein data bases 
were the similarities with CEA and MAG. Interestingly, the 
first 425 amino adds of MAG aligns with 26% identity with 
domains 1-4 of BLCAM. while CEA aligns with 29% iden- 
tity with domains 3-7 of BLCAM, thus encompassing the 
entire extracytoplasmic portion of BLCAM. When conser- 
vative amino add changes are included in the analysis, MAG 
and BLCAM are 64% and CEA and BLCAM are 71% ho- 
mologous over these regions. Several other proteins induding 
bilary glycoprotein' 1, pregnancy^assodated glycoprotein, and 
nonspecific crossreactive antigen, are membm of the Ig super 
&mily and are dosely rdated to CEA (50-90% identical at 
the amino add level), suggesting that these protdns form 
a ^mily within the Ig super family (26). While MAG and 
BLCAM are more diverged fix>m CEA than these other pro- 
teins, thdr similarity to CEA suggests they may have arisen 
firom a common precursor. 

Search of protdn daubases with the amino add sequences 
of the predicted intracytoplasmic domain of BIrCAM fiuled 
to identify ai^ relationship to previously characterized in- 
tracytoplasmic region of known protdns. However, it does 
have predicted protein kinase C and casein kinase II phos- 
phorylation sites. In addition, there are six intracytoplasmic 
tyrosines, one of which is a dose match with the consensus 
for a tyrosine phosphorylation site. These findings suggest 
some role for the intracytyoplasmic region of BLCAM in 
signaling. To date, studies with CD22 antibodies have sug- 
gested t^t CD22 may be involved in B cell activation. CD22 
antibodies augment entry of B cells into the cell cycle and 
further increase anti-Ig-induced rises in intrathymic Ca^^ 
levels (27, 28). Additionally, preliminary studies indicate B 
cell activation is asscxnated with changes in the phosphoryla- 
tion status of CD22 (22). 

Previous studies with the CD22 antibody have shown that 
it is expressed on 50-75% of EBV-transformed B cell lines, 
50% of B cell lymphomas, and nearly 100% of hairy cell 
leukemia cells (16). AdcSitionally, B ceU differentiation is as- 
sociated with the loss of CD22 (16). The reasons for this 
variable expression are undeai, but it will be of interest to 
characterize the mRNA transcript present in these various 
cell lines and primary tumors. BLCAM mRNA expression 
was examined in five EBV-transformed B cell lines and was 
present in three cell lines that were CD22 positive, and nega- 
tive in two cells that were CD22 negative. The predominant 
BLCAM mRNA in the positive cdls was the 3.3-kb tran- 
script. Interestingly, the egqiression of BIrCAM correlated 
with the expression of LFA-1. The two cell lines which were 
BLCAM negative also expressed low levels of LFA-1, sug- 
gesting that these two genes may be coordinately regulated. 
These BL-CAM-negative, low LFA-l-expres$ing cefis were 
strongly PNA positive, siiggesting that ndther LFA-1 nor 
BLCAM accounts for the peanut agglutinin positivity of ger- 
minal center B cdls (29). Of note, these cells grew in culture 
as single cells rather than in the large dtmips typically seen 
with EBV-transformed cell lines Q. Kehrl, impublished ob- 
servations). We have isolated genomic dones for BLCAM 
in order to characterize the promoter region that should hdp 
to address the nature of these differences in expression. The 
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EBV-transfonnecl B cell lines that do or do not express BL- 
CAM mRNA will be particularly useful in characterizing 
the promoter region of this gene, 

Snreral lines of evidence support an imporUnt role for Bh 
CAM in interactions between human B celk. BL-CAM is 
a member of the Ig super £unily and is highly related to CEA 
and MAB, two proteins known to mediate homotypic cell 
adhesion (lS^-21). suggesting a similar role for filrCAM in 
B cells. The expression of CD22 in vivo is also consistent 
with a role for CD22 in maintenance of the cellular architec- 
ture in B cell-rich regions. The levels of CD22 are relatively 
low in peripheral blood B cells and increased in tissue-based 
B cells (eg., in the mantle region surrounding germinal center 
in tonsils and lymph nodes). The quantities of cell adhesion 
molecules on the cell membrane are an important parameter 
in their functional capacity to mediate adhesion. SmaU changes 
in sur^ density can lead to large changes in binding rates 
(30). Immunocytocheraistry with CD22 antibodies has also 
demonstrated considerable expression in germinal centers, al- 
though less striking than in the mantle region (16). More 
direct evidence for BIrCAM as a B cell adhesion molecule 
was obtained by tiansfection of a BIrCAM expression plasmid 
into COS cells. Strongly CD22-positive B cells adhered to 
the transfccted COS cells but not to COS cells transfiscted 
with a plasmid in which BL-CAM was oriented in the oppo- 
site direction. However, the binding was not inhibited by 
two CD22 antibodies that recognize two different epitopes. 
The fiulure of these antibodies to inhibit binding is likely 
due to the recognition of an epitope that is not involved in 
binding. Although our data suggest that BLCAM is a homo- 
typic cell adhesion molecule (ix., BIrCAM is both a ligand 
and a receptor), it is not conclusive and awaits further studies. 
Preliminary studies with a B cell line transfccted with BL- 
CAM suggests that BL-CAM may mediate B cell adhesion 
via direct interaction with itself (J. Kehrl, unpublished ob- 
servation). Additionally, based on the adhesion assays per- 
formed by Stamenkovic and Seed (5), BL-CAM in the ab- 
sence of domains 3 and 4 can interact with other cell surface 
molecules that are present on monoqrtcs and mouse erythro- 
cytes. The failure of Stamenkovic and Seed (5) to observe B 
cell adhesion with peripheral blood B cells may be related 
to a dififerent conformation of the CD22 molecule due to 
the lack of domains 3 and 4, Alternatively, if CD22 is a homo- 
typic cell adhesion molecule and interacts with other CD22 
molecules on opposing cells, the relatively low levels of CD22 



on peripheral blood B cells may account for the failure to 
observe B cell adhesion. 

Besides BIrCAM, both LFA-1 and ICAM-1 are important 
in B cell adhesion as well and can mediate B cell-B cell inter- 
actions (31, 32). However, these molecules are expressed on 
a wide variety of cells, distinct from the B cell-specific ex- 
pression of BIrCAM, and are less likely to be cUrectly in- 
volved in the maintenance of B cell-enriched regions. The 
role of LFA-1 is more likely to be important in the interac- 
tion of B cells with other cells, including mono<ytc/macro- 
phages and T cells (33). Although the possibility remains 
that BL-CAM may be a ligand for LFA-1, we have no evi- 
dence to support that possibility. LFA-1 antibodies did not 
block the adhesion of B cells to COS cells trans^ed with 
CD22. 

The high levels of BL-CAM mRNA in germinal centers 
compared with the mantle region are somewhat perplexing. 
In situ staining of human tonsil with CD22 antibody reveals 
a reversed pattern with high levcb of expression in the mantle 
region and less striking levels in gemUnal centen (16). We 
have confirmed our results with several different donors in 
both tonsil and lymph node. Additionally, sense RNA probes 
did not hybridize in either region. Thus, BLCAM mRNA 
expression appears to differ from protein expression as de- 
lineated by CD22 mAb staining. A number of potential ex- 
planations exist for those observations, including a decreased 
affinity of C022 in the germinal centers due to alternative 
glycosylation or alternative processing of BIrCAM mRNA 
in the germinal center cells, which ^ters the binding sites 
for CD22. Additionally, there is evidence that certain CD22 
antibodies recognize dendritic cells in a variety of tissues (34). 
This raises the possibility that BL-CAM mRNA may be 
present in the follicular dendritic cells present in germinal 
centen. Further studies are needed in order to clarify whether 
BIrCAM is expressed in other cells besides B cells in ger- 
minal centers. 

In conclusion, we have isolated a full-length cDNA clone 
that encodes the CD22 protein, BL-CAM, by the use of sub- 
tractive hybridization and subsequent ocpiession in COS cells. 
Functional studies usmg the COS cell transfectant suggest 
that BL-CAM is a B cell adhesion molecule and that it may 
play a role in maintenance of B cell-enriched regions in lym- 
phoid tissues. Further studies will focus on undentanding 
the regulation of BLCAM expression during B cell develop- 
ment and differentiation. 
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